Background: The dietary behaviors of physiccians and medical students are strongly associated with their nutrition counseling practices. Little research to date describes their dietary intakes and no recent studies have assessed the adequacy of their micronutrient intakes. As micronutrient imbalances are associated with a variety of chronic diseases, public guidelines target increasing dietary nutrient density. The purpose of this study was to identify micronutrient imbalances in the diets of medical students and determine whether intakes are becoming more compliant with dietary guidelines over time. Methods: From 2000 to 2006, 409 second-year Vanderbilt University medical students completed the Block Brief 2000 food frequency questionnaire prior to the required "Introduction to Clinical Nutrition" course. Nutrient data were compared to Dietary Reference Intake values. Results: Dietary intakes of male students were consistently inadequate for vitamin E, vitamin D, calcium, magnesium and potassium across the six cohorts. Despite a significant increase over time in the number of vegetable servings consumed, the intakes of female students revealed the same inadequacies, as well as inadequate folate and iron intakes. Multivitamin and multimineral supplementation, consumed regularly by 51% of students, closed the gap in meeting estimated micronutrient requirements, except vitamin E. Conclusions: These data can be used to inform the content of nutrition interventions for medical students focused on making optimal food selection choices as well as the content of nutrition education in the medical school curriculum. It is important to enhance medical students' preparedness as future health care providers-not only to serve as role models for healthy dietary behaviors, but also to better recognize the nutrition needs of their future patients.
INTRODUCTION
Healthy People 2000, 2010 and 2020 objectives include increasing the proportion of patients who routinely receive nutrition assessments and the proportion of physician office visits that include nutrition/diet education and counseling [1] . These objectives stem from the compelling body of evidence elucidating the importance of dietary intakes for health maintenance and chronic disease risk reduction. Shifting the focus of health care delivery from treatment to prevention requires a parallel adjustment in the content of nutrition education in medical schools and in the health behaviors of practicing physicians. In fact, studies show that physicians and medical students' awareness of their dietary behaviors and knowledge of their nutrient imbalances impacts their nutrition counseling practices and provision of appropriate nutriation care to patients [2] [3] [4] [5] . Not only are physicians and medical students who consume more fruits and vegetables more likely to provide nutrition counseling, they also consider their advice to be more believable [4, 6] . Further, physicians who share their own beneficial diet and exercise behaviors during patient counseling are perceived by patients to be more credible and more motivating [7] . These findings underscore the potential role of future physicians as models for healthy behaviors and the likelihood that patients will become more engaged in dietary behavior change when recommended by physicians who practice what they counsel.
Although several studies have published data on the nutrition knowledge [8] [9] [10] , adequacy of nutrition train-ing [11] [12] [13] [14] [15] [16] [17] , and nutrition counseling practices [18, 19] of US physicians and medical students, few investigations describe their dietary intakes. Using 24-hour recall, Heimburger and colleagues [20] reported a significant decline in total fat intake along with a trend for decreasing saturated fat intake in first-year medical students attending the University of Alabama from 1989 to 1992. Similarly, Banks and colleagues [21] observed a decline in total fat intake during medical school in students who completed repeated food frequency questionnaires (FFQ). In a more recent investigation, Spencer and colleagues [22] showed that while medical students who reported being vegetarians consumed significantly more fruit, vegetable and dairy servings daily than non-vegetarians, average fruit and vegetable consumption of all students was lower than dietary guidelines and declined during medical school.
Interestingly, little attention has been paid to the micronutrient intakes of medical students. Yet, national data indicate that most Americans consume inadequate amounts of several micronutrients, especially vitamin A, vitamin C, vitamin E, calcium, magnesium and potassium [23] . These inadequacies are concerning as suboptimal micronutrient intakes are associated with a wide range of health conditions and chronic disease states [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Consequently, the US Departments of Health and Human Services and Agriculture in the Dietary Guidelines for Americans, 2010 emphasize increasing the micronutrient density of the diet by consuming greater amounts of foods rich in vitamins, minerals, and fiber, while reducing consumption of energy-dense foods [23] . It is expected that physicians will participate in implementing public adherence to these recommendations.
As prior investigation of the micronutrient adequacy of physicians or medical students' diets is scant, the main objective of this study was to identify micronutrient imbalances in the diets of current US medical students and determine whether intakes are becoming more compliant with dietary guidelines over time. Although often overlooked by health care providers, the wide prevalence of micronutrient inadequacies in the general population indicates that regardless of healthcare setting future physicians will interact with patients at risk. Hence, it is necessary for medical students to become well-prepared to incorporate appropriate nutrition counseling into their future clinical practices and be able to recognize patients in need of referral to registered dietitians. Having specific information about their own diet and nutrient intakes may be an indicator of their preparedness for meeting the Healthy People objectives to provide relevant nutrition services and it may also provide insight into their nutrition education needs.
METHODS

Administration of Food Frequency Questionnaire
Beginning December 2000 and ending December 2006, all second year Vanderbilt University School of Medicine (VUSM) students registered for the required spring semester "Introduction to Clinical Nutrition" course received a Block Brief 2000 FFQ (Block Dietary Data Systems, Berkeley, CA) in their campus mailboxes four weeks prior to the beginning of the semester. Written instructions were provided describing how to complete the FFQ and use a food serving size poster (2D Food Portion Visual, Nutrition Consulting Enterprises, Framingham, Mass.) to estimate portion sizes. Students were instructed to return the FFQ within two weeks in the addressed stamped envelopes provided. Questionnaires were reviewed for completeness upon return. The primary purpose of the FFQ exercise in the context of the Introduction to Clinical Nutrition course was to familiarize students with a common method of dietary assessment, to promote reflection on personal dietary habits and food choices, and to identify nutrient imbalances. The study conformed to Health Insurance Portability and Accountability Act guidelines and was deemed exempt by the Vanderbilt University Institutional Review Board.
Food Frequency Questionnaire Data
The Block Brief 2000 FFQ [39] is a practical and easily administered instrument that contains a food list of 70 items designed to assess usual food and beverage consumption over the past year. This instrument was also chosen because the food list and portion sizes were identified as the largest contributors to nutrient intakes in the average American diet by the Third National Health and Nutrition Examination Survey (NHANES III) dietary recall data [39] . In addition, the nutrient database was developed from the USDA Nutrient Database for Standard Reference [40] . Further, it has been validated against three-and seven-day food records in males and females [39] . Frequency of consumption of the 70 foods was reported at nine levels of intake from "never" to "every day". In addition, there were seven dietary behavior queries on food preparation methods and fat intake, one query on fiber intake, and 13 queries on vitamin and mineral intakes. Seven demographic variables were included to describe gender, age, height, weight, smoker status, pregnancy status and supplement use. trient data were excluded from further analyses if total daily energy intake values were out of the range of the normal distribution curve, i.e., <600 kcal (n = 8) or >4000 kcal (n = 2). To assess the adequacy of energy, protein and fiber intakes, paired two-sample t tests were performed for males and females separately to compare intakes to nutrient-based reference values using the Acceptable Macronutrient Distribution Ranges [41] for young adults aged 19 -30 years. Likewise, micronutrient intakes were compared to the Estimated Average Requirement (EAR) or Adequate Intake (AI) value as defined by the Institute of Medicine Food and Nutrition Board in the Dietary Reference Intakes [42] . To compare differences in intakes over time, general linear models (GLM) were conducted for univariate analyses of nutriaent outcome variables with school year and gender as fixed effects (interaction effect of gender with year in study). Energy (calories) was included in the GLM models as a covariate to control for the relationship between energy and nutrient intakes. Nutrient outcome variables were analyzed from food and from dietary supplements. A conservative type I error rate of ≤ 0.01 was maintained for tests of statistical significance. Values are expressed as means ± SD.
RESULTS AND DISCUSION
Overall, 409 of 627 (65%) eligible VUSM students returned their FFQ within the two-week data collection period. No significant differences were detected by year for demographic variables. The self-reported ethnic makeup of students was 74% Caucasian, 19% Asian, 5% African American and 2% Hispanic. Fifty-one percent were male and the mean age was 24 ± 2 years. The mean BMI for males was 23.8 ± 2.9 kg/m 2 and 21.0 ± 2.3 kg/m 2 for females. Only two students reported current smoking and no females reported pregnancy. Sixteen (4%) students reported consuming no meat, chicken or fish.
Over the six-year period of student cohorts, no significant changes in the amounts of energy or macronutrients being consumed were detected (P = 0.683). Average reported daily energy intakes was 1825 ± 580 kcal/ day for males and 1388 ± 540 kcal/day for females. Dietary macronutrient composition averaged 31% ± 6% fat, 51% ± 8% carbohydrate and 18% ± 4% protein for males and 30% ± 6% fat, 53% ± 7% carbohydrate and 17% ± 3% protein for females. Energy, protein and total fiber intakes were significantly less than estimated requirements for males and females in all years (Ps < 0.001). In contrast, saturated fat intakes (males: 22% ± 10%, females: 17% ± 9%) were significantly greater than the current recommendation of <10% total calories. Notably, these findings are inconsistent with advances in national recommendations for healthful eating as depicted in the Dietary Guidelines for Americans, 2005 or the US Department of Agriculture MyPyramid Food Guidance System [43, 44] .
As reported energy intakes were low, it follows that average daily consumption from key food groups was also low (Figures 1 and 2) . Overall, male students reported consuming 2.4 ± 1.6 meat servings/d, 2.0 ± 1.2 dairy servings/d, 5.7 ± 2.1 grain servings/d, 1.4 ± 0.8 fruit servings/d, 2.7 ± 1.6 vegetable servings/d and 1.6 ± 1.0 fat servings/d. Female students reported consuming 1.6 ± 0.8 meat servings/d, 1.6 ± 0.9 dairy servings/d, 4.1 ± 1.9 grain servings/d, 1.4 ± 0.7 fruit servings/d, 2.8 ± 1.8 vegetable servings/d and 1.6 ± 1.1 fat servings/d. The only food group for which there was a significant increase in the number of servings consumed across the cohorts was the vegetable group, increasing from 2.6 ± 1.5 to 3.3 ± 2.1 servings/d (P = 0.014) across female cohorts.
Food and beverage intakes were consistently high in sodium, phosphorus and vitamin A (Tables 1). Overall, 90.7% of males and 63.6% of females reported consuming more sodium than the recommended AI. Sodium intakes were mainly from regular consumption of lunch meats, chips, pizza and French fries. In addition, 97% of males and 90.3% of females reported consuming more phosphorus than the EAR, primarily from consuming milk, cheese and soft drinks.
Simultaneously, males' food intakes were consistently inadequate in vitamin E, vitamin D, calcium, magnesium and potassium (Table 1(a) ). Overall, 87.3% of males reported consuming foods that provided less than the EAR for vitamin E. The main sources of vitamin E intakes were derived from consuming chips, salad dressing and peanut butter. Although males reported regular consumption of milk, cheese, yogurt and ice cream, 61% of males had intakes that provided less than the AI for calcium and 61.8% had intakes that provided less than the AI for vitamin D. Similarly, 62.7% of males consumed foods that provided less than the EAR for magnesium, derived primarily from vegetable and legume intakes. As daily fruit servings were low (Figure 1(a) ), primarily from limited orange juice, apple and banana intakes, 94.6% of males consumed less than the AI for potassium. For females, food intakes consistently provided inadequate amounts of folate, vitamin D, vitamin E, calcium, potassium, magnesium and iron (Table 1(b) ). Overall, 51.8% of females had intakes that provided less than the EAR for folate despite daily consumption of eggs or (fortified) cereals. As displayed in Figure 1(b) , females reported consuming a variety of dairy products (i.e., milk, cheese, yogurt and ice cream), 73.8% had intakes that provided less than the AI for calcium and 73.3% had intakes providing less than the AI for vitamin D. Similarly to male students, females derived most of their vitamin E intakes from consuming salad dressing and peanut butter, but 95.4% had intakes providing less than the EAR. Almost all (99%) females' intakes provided less than the AI for potassium and 45.1% consumed less than the EAR for magnesium. In addition, 25.6% of females reported intakes that provided less than the EAR for iron, although the majority of iron intakes were from heme protein sources (i.e., chicken, hamburger, other beef and pork).
The finding of high sodium, phosphorus and vitamin A intakes in the setting of insufficient intakes of other key micronutrients emphasizes the need for medical students to learn how to optimize the nutrient density of their daily intakes. Certain simple additions or substitutions could be recommended that are likely to yield significant improvements. For example, substituting foods from the legumes group (i.e., dry beans, peas and lentils) as protein sources in main meals and adding various types of nuts and seeds as between-meal snacks would be a relatively easy strategy to better balance dietary intakes and a potential solution to improving the intakes of vitamin E as well as folate, iron, calcium, magnesium, potassium, fiber and protein [45] . Students could also be taught to make intentional choices regarding their staple foods such as selecting calcium-fortified orange juice and cereals that are folate-fortified and high in fiber. While foods and beverages are the preferred sources of micronutrient intakes because of the variety, synergy and bioavailability of nutrients provided, the present data suggest that inadequate total food intake may be a problem in this population. In light of this concern, multivitamin multimineral (MVM) supplementation may be another strategy to close the gap between intakes and requirements [46] . Consistent with prior literature [47] , the present data showed that about half (51%) of students in each cohort reported taking MVM regularly for an average of three years. For supplement users, total folate, vitamin E, vitamin D, calcium, magnesium and iron intakes were significantly greater than non-supplement users (all Ps < 0.001). Thus, supplement use increased total micronutrient intakes to levels that met the respective nutrient reference values, except for vitamin E which remained deficient in 14% -28% of students in each cohort.
In interpreting these data, some limitations should be noted. The data were not collected from a random sample but rather a convenience sample of medical students.
While it is possible the findings might differ in the group of students who did not respond to the survey, the demographics of the responders are consistent with a recent nationally representative survey [48] and the findings from these students agree with larger and more representative investigation of medical students' energy and nutrient intakes [21] . Secondly, like most methods of dietary assessment, all of the data are self-reported; it is possible that using a reduced-length FFQ allows underor over-reporting of energy and nutrient intakes by as much as 20% [50] . However, the actual reporting error rate in medical students overall and those sampled herein is unknown. Thus, it would not be possible to reliably correct for potential error rate in the present study [49] . Notably, the Block FFQs are widely used, have been tested in numerous populations, and the data collected are strongly associated with reference measures of intakes Vitamins Thiamin (mg) 1.2 1.9 ± 0.6 1.2 ± 0.5 1.8 ± 0.6 1.5 ± 0.6 1.9 ± 0.7 1.5 ± 0. Values are means ± SD. Riboflavin (mg) 1.1 1.5 ± 0.6 1.5 ± 0.8 1.7 ± 0.7 1.6 ± 0.9 1.6 ± 0.6 1.5 ± 0. Values are means ± SD. [21] . Moreover, using the FFQ allowed investigation of the absolute, unadjusted levels of micronutrient intakes, and thus, how much of each micronutrient subjects consumed (i.e., in milli-or micrograms). By doing so, comparison to the Dietary Reference Intakes was performed, as opposed to assessing only percentages or percentiles of intakes [50] . The other strengths of this study are the consistency of data collection methodology over several years and the assessment of important dietary factors that have not been previously reported in this population.
CONCLUSIONS
This is the first comparison of the specific micronutrient intakes of students enrolled in a US medical school to the Dietary Reference Intake values. The main finding was that dietary intakes were especially low in male and female students for key nutrients related to maintaining health and preventing chronic disease, that is, folate, vitamin D, vitamin E, calcium, magnesium, potassium and iron. Insufficient dietary intakes for these specific nutrients were consistent across all students in all years and lower than demographically-matched population-based data [51, 52] . It is notable that only 25% of males and 22% of females reported consuming more than 2 servings of fruits per day. Likewise, only 23% of males and 19% of females reported consuming 3 or more servings of milk and dairy products per day. Even with the increased number of daily vegetable servings observed in female cohorts across the six years, vegetable intakes did not meet most recent guidelines which suggest consuming twice as many vegetable servings as previously recommended to achieve adequate intakes of the variety of vitamins, minerals and other micronutrients necessary for maintaining health [44] .
Inadequate or excessive intakes of micronutrients can lead to various disorders. For one example, vitamin D deficiency combined with inadequate calcium intakes predisposes persons to demineralization of the skeleton which leads to osteomalacia, bone loss, osteopenia and/ or osteoporosis [53] . In addition to bone health, vitamin D may also have a role in risk for certain types of cancer and type 2 diabetes. For another example, iron, folate and vitamin B12 cause varying forms of anemia [54] . While the occurrence of macrocytic anemia from folate or vitamin B12 deficiency is rarer than iron deficiency anemia, folate intake is also crucial for prevention of neural tube defects, a serious consideration for women of reproductive age, such as those studied herein. Other functions of suboptimal B vitamin intake, including the role on plasma homocysteine concentration and development of cardiovascular disease continue to be investigated. Moreover, inadequate micronutrient intake (ie, vitamin A, vitamin D, the B vitamins, calcium, iron and zinc) may be associated with increased adiposity, a major public health concern as obesity is epidemic worldwide [55] .
The reasons for the micronutrient inadequacies identified herein are likely multi-factorial and may include the significant time constraints inherent in the medical school environment [56] , the high level of stress in that environment that has the potential to affect appetite and eating behaviors [57] , financial considerations that may influence food purchasing patterns [58] , as well as perceptions of body image that may limit the quantity of foods consumed [59] . Clearly, further investigation is warranted to elucidate the determinants of the dietary practices of medical students, as well as other health care professionals.
Nevertheless, the findings from this study may be used to design practical interventions for medical student populations to help them improve their dietary intakes, especially to improve the balance of micronutrients consumed, which may serve to reduce risk for development of chronic disease in these young adults. These data may also be used to enhance the nutrition education content of the medical school curriculum, possibly using publicly available tools such as those produced under the Nutrition Academic Award Program [17] . Ultimately, the goal is to stimulate greater awareness among medical students of their dietary intakes-not only to identify their personal dietary imbalances, and thus, improve their food selection choices to better meet public dietary recommendations, but also to enhance their preparedness as future healthcare providers so they are better able to identify and meet the nutrition needs of their patients.
